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ABSTRACT 

The s e l e c t e d   o r d i n a t e  method f o r   d e t e r m i n i n g   t h e   F o u r i e r  
c o e f f i c i e n t s   o f  a pe r iod ic   cu rve  i s  of g r e a t   u s e  when an  approx- 
imate   va lue  i s  d e s i r e d  i n  a v e r y   s h o r t  time. Tables   o f   the  
o r d i n a t e s  are given.   Evaluat ion  of  a c o e f f i c i e n t  i s  reduced t o  
a simple  summation. 



FOURIER  ANALYSIS BY THE 
Ml3THOD OF  SELECTED  ORDINATES 

By James N .  Hallock 
Electronics   Research  Center  

SUMMARY 

A method is  p resen ted   fo r   app rox ima t ing   Four i e r   coe f f i -  
c i e n t s  t o  a t  least  t w o  s i g n i f i c a n t   f i g u r e s .  By choosing  values  
a t  se l ec t ive ly   we igh ted   i n t e rva l s   o f  a p e r i o d i c   c u r v e ,   t h e   s i n e  
and cosine  harmonics  up t o  n = 20 may be  approximated i n  a very 
s h o r t  time. 

* * * * * * *  

INTRODUCTION 

The method  of s e l e c t e d   o r d i n a t e s  i s  used t o  approximate 
t h e   F o u r i e r   c o e f f i c i e n t s  of a pe r iod ic   cu rve  t o  a t  l e a s t  two 
s i g n i f i c a n t   f i g u r e s .  The selected o r d i n a t e  method i s  p a r t i c u -  
l a r l y   s u i t e d   f o r  t h e  de t e rmina t ion   o f   s inuso ida l  errors i n   s u c h  
dev ices  as resolvers, g e a r   t r a i n s ,  gyros, and accelerometers; 
as w e l l  as e c c e n t r i c i t i e s  of b a l l  bear ings :  o r  simply  examining 
the  harmonic  content  of any  per iodic   curve  and  avoiding a po in t -  
by-poin t   numer ica l   in tegra t ion .  

EVALUATION 

To e v a l u a t e   a n   i n t e g r a l  of t h e  form: 

t h e   v a l u e s   o f   f ( x )  are determined a t  x-values  corresponding t o  
the   cen te r s   o f  N success ive   equa l  area i n t e r v a l s   o f  a ,known 
g(x) and are then summed: 

= ${ 5 f (xi$ ( t o t a l  a b s o l u t e  area) 
i= 1 

( t o t a l  a b s o l u t e  area) 
i= 1 



which   imp l i c i t l y   a s sumes   t ha t   t he   cu rve   has  a Fourier   expansion.  
The method i s  similar t o  the   p rocedure   fo r   eva lua t ing   an   i n t e -  
g r a l  by a sum o f   t r a p e z o i d s   e x c e p t   t h a t   i n  t h e  s e l e c t e d   o r d i n a t e  
case t h e   x - i n t e r v a l   v a r i e s  by a g i v e n   c r i t e r i o n .  

I f  a func t ion   has  a Four i e r  series expansion  of   per iod 2L 
and i s  g i v e n   i n   t h e   f u n d a m e n t a l   i n t e r v a l  of 0 t o  2 L ,  it can  be 
r e p r e s e n t e d   i n   t h e   f a m i l i a r   f o r m :  

a a3 

f ( x )  = 2 2 +n= l  { a,, c o s ( 7 )  n nx + b, sint?)} 

where: 

- .?. JiL f ( x )  sin(,> nTrx dx n = 1 , 2 , 3 , . . -  bn - L 

(Tables   have  been  prepared  for   funct ions  of   per iod 2 ~ r ,  hencefor th  
L=n .  ) I t  i s  apparent  from t h e  form of an  and  bn t h a t  t h e  F o u r i e r  
coeff ic ients   can  be  approximated by t h e  method  of selected or -  
d i n a t e s  : 

1. JiTr f ( x )   g ( x )  dx - 1 f f (x i )  I t o t a l   a b s o l u t e   a r e a  
T r  Tr i= 1 N 

I n  t h e   c a s e   o f   F o u r i e r   a n a l y s i s ,  t h e  t o t a l   a b s o l u t e   a r e a  i s  
t h e   a b s o l u t e   a r e a   u n d e r  t h e  s ine or   cosine  harmonic  curve.  The 
abso lu te   a r ea  i s  e q u a l   t o  4 f o r   a l l   p o s i t i v e  n>O  and i s  e q u a l   t o  
2 ~ r  f o r  n=O.  Thus t h e  F o u r i e r   c o e f f i c i e n t  i s  eva lua ted  by t h e  
express ion:  

N 
4 1 4  sum 
- (“i> f = d i v i s i o n   f a c t o r  (n  = 1 , 2 , 3 , . . . )  
Tr 

i=l 

N 
2 f (Xi)  = 2 1 sum 

d i v i s i o n   f a c t o r  (n  = 0 )  
i=l 

To determine the sum, add the   va lues   o f   f (X i )   fo r   each  
s e l e c t e d   o r d i n a t e   i n d i c a t e d   i n   t h e   a p p r o p r i a t e   t a b l e :   t h e   s i g n  

2 



of each term i s  g iven   by   the   p roduct  of t h e   s i g n   o f   f ( x i )   a n d  
t h e   s i g n   a s s o c i a t e d   w i t h   t h e   s e l e c t e d   o r d i n a t e .   I f   i n   d e t e r -  
min ing   the  sum, t h e   v a l u e   o f  f (x)  a t  a s e l e c t e d   o r d i n a t e  i s  a 
p o i n t  of d i s c o n t i n u i t y ,   t h e   D i r i c h l e t   c o n d i t i o n  i s  used: 

f ( X i )  = E'O l i m  1 { f (Xi+€)  + f (xi-&)} 

The d i v i s i o n  factor  i s  somet imes   no t   equa l   to  N ,  t h e  number 
o f   s e l e c t e d   o r d i n a t e s ,   i f   t h e   c a l c u l a t e d   s e l e c t e d   o r d i n a t e  oc- 
cu r s   where   t he   s ine  o r  cos ine   harmonic   curve   c rosses   the   ax is .  
This  i s  i n d i c a t e d   i n   t h e  accompanying t a b l e s  by n o t   a s s o c i a t i n g  
a s i g n   w i t h   t h a t   o r d i n a t e .   S i n c e   t h e   c a l c u l a t e d   o r d i n a t e  w i l l  
have   equa l   pos i t i ve  and n e g a t i v e   a r e a   c o n t r i b u t i o n s ,   t h e   v a l u e  
o f   t h e   d i v i s i o n   f a c t o r  i s  given a t  the  bottom  of each t a b l e   f o r  
convenience. 

The accuracy   of   the   se lec ted   o rd ina te   method i s  p ropor t iona l  
t o  t h e  number o f   s e l e c t e d   o r d i n a t e s   u s e d .  Some a p p l i c a t i o n s  may 
war ran t   t he   u se   o f  less than  9 0  o r d i n a t e s ;   t h e   t a b l e s   c a n   b e  
subdivided i n t o  3 0 ,  1 8 ,   1 0 ,  6 ,  o r  2 o r d i n a t e s   w h e r e   t h e   f i r s t  
o r d i n a t e  w i l l  b e   t h e   s e c o n d ,   t h i r d ,   f i f t h ,   e i g h t h ,   o r   t w e n t y -  
t h i r d   o r d i n a t e ,   r e s p e c t i v e l y ,  of t h e   t a b u l a t e d  90 .  

The s e l e c t e d   o r d i n a t e  method f o r   d e t e r m i n i n g   t h e   F o u r i e r  
c o e f f i c i e n t s  of a per iodic   curve   has   p roved   to   be   mos t   va luable  
when an  approximate  value i s  r e q u i r e d   i n  a s h o r t  t i m e .  

EXAMPLE 

A s  an example  of  the u s e  and  accuracy  of t h e  s e l e c t e d   o r -  
d i n a t e  method a s   a p p l i e d   t o   F o u r i e r   a n a l y s i s ,   t h e   e x p a n s i o n   f o r :  

3 
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al: sum = 2 5 ( 0 )  - 19 (+I) - 19 (-1) + 2 5  ( 0 )  = 0 

... al = 0 

and so  on for  t h e   o t h e r  a, as f ( x )  i s  an odd func t ion :  

bl: sum = 3 3 ( 0 )  + 1 2  (+1) - 11 (-1) + 3 4  ( 0 )  = 2 3  

b2 :  S U ~  = 2 7 ( 0 )  + 1 7  (21) * 1 7  (+1) + 2 7  ( 0 )  = -34 

b15: sum = 3 0 ( 0 )  + 3 ( 1 )  - 3 ( 1 )  - 3(1) + 3(1) - 3( -1 )  + 3 ( - 1 )  

-3  (-1) + 3( -1 )   -3 ( -1 )  = 6 

By a d i r e c t   i n t e g r a t i o n :  

- " (L.OOO) s i n  (x) - - ( 1 . 5 0 0 )  s i n  (2x1  
II II 

+. . . + ~ ( 0 . 2 6 7 )  1 s i n  ( 1 5 x ) + .  . . 

4 



whereas  the  selected  ordinate  method  gives: 

f(x) = - (1.022) sin ( x ) - -  (1.545) sin (2x1 1 1 
rI rI 

+. . .+ - (0.267) sin (15x1 +.. . 1 
rI 
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12.11 + 

21.05 + 

21.27 + 

32.39 + 

36.87 + 

50.93 + 

55.68 + 

56-19 + 

51.53 + 

55.71 + 

51.11 + 

60.15 + 

63.62 + 

66.53 + 
69.18 + 

11.88 + 

14.55 + 

11.11 + 

19.16 + 

82.35 + 
85.91 + 

ETA6 + 

90.00 + 

90 SELECTED ORDIEATES FOR 

SII(0) 

92.55 + 

95.10 + 

97.67 + 

100.25 + 

102.85 + 

105.57 + 

108.13 + 

110.83 + 

113.58 + 

116.39 + 

119.27 + 

122.25 + 

125.30 + 

128.58 + 

131.82 + 

135.33 + 

139.08 + 
153.1s + 

1b1.62 + 

152.15 + 

158.97 + 

161.90 + 

192.11 - 
2oi.ob - 
207.27 - 
212.39 - 
216.87 - 
220.93 - 
224.68 - 
228.19 - 
231.53 - 
235.71 - 
231.11 - 
250.75 - 
2b3.62 - 
256.b3 - 
259.18 - 
251.88 - 
255.55 - 
251-17 - 
259.76 - 
262.34 - 
265.91 - 
261.56 - 
210.00 - 

272.55 - 
275.10 - 
211.67 - 
280.75 - 
282.84 - 
285.47 - 
288.13 - 
290.83 - 
293.58 - 
296.39 - 
299.27 - 
302.24 - 
305.30 - 
308.b8 - 
311.82 - 
315.33 - 
319.08 - 
323.15 - 
327.62 - 
332.75 - 
338.97 - 
341.90 - 

8.58 + 

15.91 + 

19.58 + 

23.23 + 

26.57 + 

29.65 + 

32.52 + 

35.21 + 

31.93 + 

50.53 + 

53.09 + 

45.65 + 

58.19 + 

50.71 + 

53.bO + 

56.10 + 

58.91 + 

61.88 + 

65.07 + 

68.59 + 

12.66 + 

77-83  + 

90 -00 

102.18 - 
107.35 - 
111.b2 - 
115.95 - 
118.13 - 
121.10 - 
123.91 - 
126.61 - 
129.25 - 
131.82 - 
13b.37 - 
136.92 - 
139.58 - 
ibz.08 - 
155.1b - 
1bT.59 - 
150.31 - 
153.bb - 
156.78 - 
160.53 - 
165.Ob - 
111.b3 - 

188.58 + 

194.91 + 

199.58 + 

203.23 + 

206.51 + 

209.65 + 

212.52 + 

215.21 + 

217.93 + 

220.53 + 

223.09 + 

225.65 + 

228.19 + 
230.71 + 

233.bO + 

236.10 + 

238.91 + 

2b1.88 + 

255.01 + 
258.59 + 

252.66 + 

251.83 + 

270.00 

DIVIIIOU ?MXO1 - 90 



1.02 + 

12.29 + 

16.01 + 

19.26 + 

22.15 + 

15-85 + 

21.b5 + 

30.00 + 

32.56 + 

35.16 + 

31" + 

b0.15 + 

b3.9b + 

b1.12 + 

52.99 + 

61.02 - 
72.29 - 
76.01 - 
79-26 - 
82.15 - 
8b.85 - 
8T.bS - 
90.00 - 

92.56 - 
91.16 - 
91.86 - 

100.15 - 
103.9b - 
107.72 - 
112.99 - 
121.02 + 

132.29 + 

136.07 + 

139.26 + 

1b2.15 + 

lLL.85 + 

141.b5 + 

150.00 + 

152.56 + 

155.16 + 

157.86 + 

160.75 + 

163.9L + 

i67.72 + 

172.99 + 

187.02 - 
192.29 - 
196.01 - 
199.26 - 
202.15 - 
20L.85 - 
20'1.b5 - 
210.00 - 
212.56 - 
215.16 - 
217.86 - 
220.75 - 
223.9b - 
221.72 - 
232.99 - 
PL1.02 + 

252.29 + 

256.01 + 

259.26 + 

262.15 + 

2611.85 + 

261.L5 + 

270.00 + 

272.56 + 

275.16 + 

277.86 + 

280.75 + 

283.94 + 

287.72 + 

292.99 + 

307.02 - 
312.29 - 
316.01 - 
319.26 - 
322.15 - 
321.85 - 
327.L5 - 
330.00 - 
332.56 - 
335.16 - 
337.86 - 
3L0.75 - 
3'13.911 - 
3111.72 - 
352.99 - 

6.09 + 

10.71 + 

lL.01 + 

16.96 + 

19.62 + 

22.19 + 

24.7b + 

21.31 + 

30.19 + 

33.39 + 

37.52 + 

h9.29 - 
5b.lb - 
58.29 - 
61.26 - 
63-97 - 
66.55 - 
69.10 - 
71.70 - 
7 b . U  - 
17.5b - 
81.33 - 
90.00 

98.68 + 

102.LT + 
105.55 + 

108.31 + 

110.91 + 
113.b6 + 

116.0b + 
118.75 + 
121.12 + 

125.27 + 

130.72 + 

1b2.Lg - 
lb6.62 - 
1b9.82 - 
152.65 - 
155.27 - 
151.82 - 
160.39 - 
163.05 - 
165.9b - 
169.30 - 
173.92 - 

186.09 + 
190.11 + 

19b.01 + 
196.96 + 

199.62 + 
202.19 + 

2ob.lb + 
201.31 + 

210.19 + 

213.39 + 

217.52 + 

229.29 - 
2 3 b . l b  - 
238.29 - 
211.26 - 
2b3.91 - 
2L6.55 - 
259.10 - 
251.10 - 
25b.b6 - 
257.55 - 
261.33 - 
210.00 

218.68 + 
282.bl + 
285.55 + 

288.31 + 
290.91 + 

193.b6 + 
296.0b + 
298.15 + 

301.12 + 

305.21 + 

310.12 + 
322.59 - 
326.62 - 
329.82 - 
332.65 - 
335.21 - 
331.82 - 
3b0.39 - 
3b3.05 - 
3b5.9b - 
359.30 - 
353.92 - 



5.56 + 
9.64 + 

12.13 + 

15.55 + 

18.00 + 

20.51 + 

23.28 + 

26.31 + 

30.55 + 

51.56 - 
55.65 - 
58.73 - 
51.55 - 
55.00 - 
56.51 - 
59.28 - 
62-37 - 
66.55 - 
71.46 + 

81.65 + 

85.13 + 

81.55 + 
90.00 + 

90  8KLKCTZD  ORDIIATII ?OR 

811(50) 

92-57 + 

95.28 + 

98-37 + 

102.55 + 

113.56 - 
111.65 - 
120.73 - 
123.55 - 
126.00 - 
128.51 - 
131.28 - 
135.31 - 
138.55 - 
149.b6 + 
153.65 + 
156.73 + 
159.55 + 

16~.00 + 
16b.51 + 
161.18 + 
110.31 + 

1IL.55 + 

185.56 - 
189.65 - 
192.73 - 
195.bh - 
198.00 - 
200.57 - 
203.28 - 
206.37 - 
210.55 - 
221.56 + 
225.65 + 

228.73 + 

231.55 + 
235.00 + 

236.57 + 

239.28 + 

2b2.31 + 

256.55 + 

257.b6 - 
261.65 - 
265.13 - 
261.54 - 
270.00 - 

272.57 - 
275.28 - 
218.37 - 
282.55 - 
293.h6 + 

297.65 + 

300.13 + 

303.45 + 

306.00 + 

308.57 + 

311.28 + 

31b.37 + 

318.55 + 

329.b6 - 
333.65 - 
336.73 - 
339.55 - 
3b2.00 - 
355.57 - 
357.28 - 
350.31 - 
35b.55 - 

5.99 + 

8.86 + 

11.76 + 

lb.31 + 

16.93 + 

19.65 + 

22.81 + 

30.00 

37-15 - 
50.37 - 
53.0~1 - 
55.65 - 
58.25 - 
51.15 - 
55.02 - 
6b.99 + 

68.86 + 

71.76 + 
15-31 + 

16.93 + 

19.65 + 
a2.w + 
90.00 

90 8ILLCTID  ORDIIATKl ?OR 

611(60) 

97-15 - 
100.37 - 
103.08 - 
105.65 - 
108.25 - 
111.15 - 
115.02 - 
125.99 + 

128.86 + 

131.16 + 

135.37 + 

136.93 + 

139.65 + 

142.87 + 

150.00 

157.lb - 
160.31 - 
163.08 - 
l65.6b - 
168.25 - 
111.19 - 
115.0P - 

185.99 + 

188.84 + 

191.16 + 

196.31 + 

196.93 + 

199.65 + 
202.81 + 

210.00 

211.14 - 
220.31 - 
223.08 - 
P25.64 - 
PP8.PS - 
P31.15 - 
235.02 - 
2bb.99 + 

258.86 + 

251.16 + 

2 5 b . 3 1  + 

256.93 + 
259.64 + 
262.81 + 
P10.00 

2II.Ib - 
280.31 - 
283.08 - 
P85.65 - 
288.25 - 
992.19 - 
295.0P - 
304.99 + 

lo8.86 + 

311.16 + 

3lb.31 + 

316.93 + 

319.64 + 
3nP.81 + 

330.00 

33l.lb - 
Sb0.W - 
343.00 - 
345.6b - 
348.09 - 
351.15 - 
355.01 - 



5.63 + 

8.a6 + 
11.03 + 

13.59 + 

16.P3 + 
19.3b + 

PTmb5 - 
32-60 - 
35.60 - 
38.P1 - 
50.19 - 
b3.6L - 
bTm5b - 
56.10 + 

60.11 + 
62.83 + 
65.39 + 

68.06 + 

11.90 + 

80.15 - 
8b.51 - 
8l.bZ - 
90.00 - 

90 IILICTID ORDIIATU 101 

DII(10) 

9e.59 - 
95.50 - 
99.86 - 

108.11 + 

111.95 + 

11b.62 + 

111.18 + 

119.90 + 

113.31 + 

1 Y . 5 1  - 
136.39 - 
139.22 - 
151.80 - 
155.b1 - 
151.51 - 
152.56 - 
160.61 + 

163.18 + 

1 6 6 . b ~  + 

168.98 + 

111.15 + 

115. 38 + 

185.63 - 
188.26 - 
191.03 - 
193.59 - 
196.23 - 
139.35 - 
201.b5 + 

212.60 + 

215.60 + 

218.21 + 

220.19 + 

223.62 + 

221.55 + 

236.10 - 
2bO.11 - 
2b2.83 - 
255.3Y - 
258.06 - 
251.30 - 
260.15 + 

26b.51 + 

267.52 + 

270.00 + 

DIVIEIOll lAcroR - 90 

272.59 + 

215.50 + 

219.86 + 

288.71 - 
291.95 - 
295.62 - 
297.18 - 
299.90 - 
303.31 - 
312.51 + 

316.39 + 

319.22 + 

321.80 + 

32b.h  + 

321.51 + 

332.56 + 

3b0.61 - 
3b3.18 - 
356.b2 - 
358.98 - 
351.15 - 
355.38 - 

5.35 + 

1-10 + 

10.56 + 

13.02 + 

15.86 + 

20.36 + 

28.31 - 
31.32 - 
33.91 - 
36.53 - 
39.65 - 
58.05 + 

52.05 + 

55.81 + 

51.31 + 

60.10 + 

63.16 + 

12.31 - 
15.63 - 
18.28 - 
80.85 - 
83.71 - 
90.00 

90 IILlCTID OIDIIATU 101 

III( 8 0 )  

96.25 + 
99.16 + 

101.13 + 

10b.38 + 
101.6b + 
116.25 . 
119.91 - 
122.65 - 
125.PO - 
121.91 - 
131.96 - 
lbo.36 + 
153.b8 + 

1L6.10 + 

lb8.69 + 

151.10 + 
159.65 - 
16b.15 - 
166.99 - 
169.55 - 
112.23 - 
115.61 - 



P 
0 

5.10 + 

7.39 + 

10.00 + 

12.62 + 
15.91 + 

2b.10 - 
27.39 - 
30.00 - 
32.62 - 
35.91 - 
bb.10 + 

b7.39 + 

50.00 + 

52.62 + 

55.91 + 

6b.10 - 
67.39 - 
10.00 - 
12.62 - 
15.91 - 
8b.10 + 

81.39 + 

90.00 + 

92.62 + 

95.91 + 

105.10 - 
107.39 - 
110.00 - 
112.62 - 
115.91 - 
125.10 + 

121.39 + 

130.00 + 

132.62 + 

135.91 + 

155.10 - 
1b7sB9 - 
150.00 - 
152.62 - 
155.91 - 
165.10 + 

16’1.39 + 

110.00 + 
112.62 + 

115.91 + 

18C.10 - 
187.39 - 
190.00 - 
192.62 - 
195.91 - 
2ob.10 + 

207.39 + 

210.00 + 
212.62 + 

215.91 + 

225.10 - 
227.39 - 
230.00 - 
232.62 - 
235.91 - 
2bb.10 + 

2b7.39 + 

250.00 + 
252.62 + 

255.91 + 

26b.10 - 
267.39 - 
270.00 - 

272:62 - 
275.91 - 
28b.10 + 

287.39 + 

290.00 + 

292.62 + 

295.91 + 

30b.10 - 
307.39 - 
310.00 - 
312.62 - 
315.91 - 
32h.10 + 

327.39 + 

330.00 + 

332.62 + 

335.91 + 

355.10 - 
3b1.39 - 
350.00 - 
352.62 - 
355.91 - 

3.90 + 

7.06 + 

9.6b + 

12.38 + 

18.00 

23-63 - 
26-31 - 
28.95 - 
32.11 - 
39.90 + 

b3.06 + 

45.6b + 

b8.38 + 

5b.00 

59.63 - 
62.37 - 
6b.95 - 
68.11 - 
75-90 + 

79.06 + 

81.64 + 
8b.38 + 

90.00 

95.63 - 
98.37 - 
100.95 - 
iob.11 - 
111.90 + 

115.06 + 

117.6b + 

120.38 + 

126.00 

131.63 - 
13b.37 - 
136.95 - 
350.11 - 
1bT.go + 

151.06 + 
153.6b + 

156.38 + 
162.00 

167.63 - 
170.31 - 
172.95 - 
116.11 - 

183.90 + 

187.06 + 
189.64 + 

192.38 + 

198.00 

203.63 - 
206.37 - 
208.95 - 
212.11 - 
219.90 + 

223.06 + 
225.6b + 
228.38 + 

23b.00 

239.63 - 
2b2.37 - 
254.95 - 
2b8.11 - 
255.90 + 

259.06 + 
261.65 + 

26b.38 + 

210.00 

215.63 - 
218.31 - 
2800.95 - 
28L.11 - 
291.90 + 
295.06 + 

291.65 + 
300.38 + 

306.00 

311.63 - 
314.31 - 
316.95 - 
320.11 - 
327.90 + 

331.06 + 

333.65 + 

336.38 

352.00 

3b1.63 - 
350.31 - 
352.95 - 
356.11 - 



3.13 + 

6.18 + 

9.35 + 

12.31 + 

19.72 - 
22.90 - 
25.58 - 
28.35 - 
35.68 + 

39.02 + 

51.61 + 

55.51 + 

51.51 - 
55.13 - 
51.15 - 
60.59 - 
61.37 + 

11.24 + 

73.81 + 

16.51 + 

82.92 - 
87.3b - 
90.00 - 

90 IIIWCTBD ORDIIATLE mI 

EII(ll0) 

92.67 - 
91.09 - 
103.55 + 

106.15 + 
108.11 + 

112.65 + 

119.52 - 
122.27 - 
125.88 - 
128.U - 
135.60 + 

138.50 + 

110.99 + 

155.33 + 

151.66 - 
154.53 - 
157.11 - 
160.29 - 
161.70 + 

110.66 + 

113.23 + 

116.28 + 

183.13 - 
186.78 - 
189.35 - 
192.31 - 
199.12 + 

202.90 + 

205.58 + 

208.35 + 

215.68 - 
219.02 - 
221.61 - 
22L.51 - 
231.57 + 

235.13 + 

231.1b + 

2b0.49 + 

2b1.31 - 
251.2b - 
253.81 - 
256.51 - 
262.92 + 

267.311 + 

270.00 + 

272.61 + 

211.09 + 

283.44 - 
286.15 - 
288.17 - 
292.65 - 
299.52 + 

302.21 + 

30b.88 + 

308.hb + 

315.60 - 
318.bO - 
320.99 - 
32b.33 - 
331.66 + 

33b.53 + 

331.11 + 

3b0.29 + 

3b1.10 - 
350.66 - 
353.23 - 
356.28 - 

3.51 + 

6.55 + 

9.13 + 

12.51 + 

19-43 - 
22.19 - 
25.82 - 
30.00 

35.19 + 

31.82 + 

b0.58 + 

b1.50 - 
50.88 - 
53.bl - 
56.b5 - 
63.51 + 

66.55 + 
69.13 + 

12-.51 + 

19.b3 - 
82.19 - 
8JI.82 - 
90.00 

95.19 + 

97.82 + 

100.58 + 
107.50 - 
110.88 - 
113.57 - 
116.55 - 
123.51 + 

126.54 + 

129.13 + 

132.51 + 

139.53 - 
1b2.19 - 
1bb.82 - 
150.00 

155.19 + 

157.82 + 

160.58 + 

161.50 - 
110.811 - 
113.bl - 
116.55 - 

183.51 + 

186.55 + 

189.13 + 
192.51 + 
199.53 - 
202.19 - 
204.82 - 
210 .oo 
215.19 + 

217.82 + 
220.58 + 

227.50 - 
230.88 - 
233.57 - 
236.55 - 
253.51 + 

256.55 + 

259.13 + 
252.51 + 

259.53 - 
262.19 - 
265.82 - 
270.00 

DIVISIOW ?ACTOR - 90 



3.45 + 

6.34 + 

8.96 + 

14.18 - 
18.96 - 
21.56 - 
24-55 - 
31.50 + 

35.23 + 

36.81 + 

43.16 - 
46.86 - 
49.55 - 
52.55 - 
59.35 + 

62.12 + 
65.19 + 

11.33 - 
14.16 - 
11.35 - 
80.59 - 
81.- + 

90.00 + 

90 IIELCCTID ORDIIATLI ?OR 

811(130) 

92.12 + 

99.42 - 
102.66 - 
105.25 - 
108.68 - 
115.22 + 

111.09 + 

120.66 + 
121.56 - 
130.56 - 
133.15 - 
136.85 - 
143.1b + 
1 6 . 1 8  + 

148.61 + 
455.56 - 
158.45 - 
161.05 - 
165.23 - 
111.05 + 

111.61 + 

116.51 + 

183.bb - 
186.3b - 
188.96 - 
194.78 + 

198.96 + 

201.56 + 

205.55 + 

211.50 - 
215.23 - 
216.87 - 
223.16 + 

226.86 + 

229.45 + 

232.55 + 

239.35 - 
242.lz - 
244.19 - 
251.33 + 

255.16 + 

251.35 + 

260.59 + 

267.29 - 
210.00 - 

212.72 - 
279.12 + 

282.66 + 

285.25 + 

28a.68 + 

295.22 - 
291.89 - 
300.66 - 
301.46 + 

310.56 + 

313.15 + 

316.85 + 
323.14 - 
325.18 - 
328.61 - 
335.46 + 

338.45 + 

341.05 + 

345.23 + 

351.05 - 
353.6'1 - 
356.51 - 

3.32 + 

6.16 + 
8.8b + 

15.35 - 
18.41 - 
21.0'1 - 
26.94 + 

30.16 + 

33.35 + 

36.64 + 

43.02 - 
43.64 - 
58.65 - 
55.23 + 

51.95 + 

60.13 + 
67-35 - 
10.26 - 
12.91 - 
19.29 + 

82.51 + 
85.16 + 

90.00 

94.85 - 
91.44 - 

100.72 - 
101.10 + 

109.15 + 

112.66 + 
119.28 - 
122.06 - 
124.16 - 
131.36 + 

13b.31 + 
136.99 + 

143.11 - 
146.66 - 
149.25 - 
153.01 - 
158.94 + 
161.54 + 
164.61 + 
111.11 - 
113.85 - 
116.69 - 

183.32 + 

186.16 + 
188.84 + 
195.35 - 
198.51 - 
201.01 - 
206.95 + 
210.16 + 
213.35 + 

216.64 + 
223.02 - 
225.64 - 
228.65 - 
235.23 + 
231.95 + 

250.13 + 

2b1.35 - 
250.26 - 
252.91 - 
259.29 + 

262.51 + 
265.16 + 

210.00 

214.85 - 
211.44 - 
280.12 - 
281.10 + 
289.15 + 
292.66 + 

299.28 - 
302.06 - 
30S.18 - 
311.36 + 
315.31 + 

316.99 + 
321.11 - 
326.66 - 
329.25 - 
333.01 - 
318.94 + 
351.55 + 
145.67 + 
351.11 - 
353.85 - 
356.69 - 

DIRIIQ ?ACTOR #I 



3.11 + 

6.00 + 
8.19 + 

15.1) .I 

18.00 - 
tO.19 - 
Pl.21 + 
30.00 + 

32.19 + 

w.11 - 
40.00 - 
44-19 - 
11.99 + 
5 L o o  + 

56.19 + 

63-82 - 
66.00 - 
68-79 - 
75.22 + 

78.00 + 

"19 + 

81.22 - 
90.00 - 

91.19 - 
99.20 + 

102.00 + 
10b.19 + 

111.22 - 
i ib .oo  - 
116.19 - 
103.20 + 

126.00 + 
128.19 + 

135.22 - 
138.00 - 
140.19 - 
141.22 + 

150.00 + 

150.19 + 

159.22 - 
162.00 - 
I6b.19 - 
171.22 + 

1Tb.00 + 

116.79 + 

183.22 - 
186.00 - 
188.79 - 
195.22 + 

198.00 + 

200.79 + 

201.21 - 
210.00 - 
212.19 - 
219.22 + 

222.00 + 

225.19 + 

231.22 - 
23b.00 - 
236.19 - 
2b3.72 + 

2b6.00 + 

2b8.79 + 

255.22 - 
258.00 - 
260.19 - 
267.22 + 

270.00 + 

272.79 + 

279.22 - 
282.00 - 
28b.19 - 
291.22 + 

29b.00 + 

296.79 + 

303.22 - 
306.00 - 
308.79 - 
315.22 + 

318.00 + 

320.19 + 

327.22 - 
330.00 - 
332.79 - 
339.22 + 

3b2.00 + 

3bb.19 + 

351.22 - 
35b.00 - 
356.79 - 

3.12 + 

5.87 + 

8.82 + 

1b.96 - 
11.60 - 
20.98 - 
26.7b + 

29.35 + 

3b.83 - 
38.50 - 
b1.12 - 
b1.11  + 

50.23 + 

52.93 + 

59.16 - 
61.96 - 
6b.83 - 
11.02 + 

73.69 + 

76.88 + 

82.82 - 
85.b3 - 
90.00 

94.58 + 
91.19 + 

103.13 - 
106.32 - 
108.99 - 
115.18 + 
118.05 + 

120.85 + 
127.08 - 
129.78 - 
132.84 - 
138.89 + 

1b1.51 + 

lb'l.18 + 

150.66 - 
153.21 - 
159.03 + 

162.bl + 

165.05 + 

111.19 - 
1 T b . I b  - 
116.89 - 

183.11 + 

185.81 + 

188.81 + 
194.96 - 
191.60 - 
wI0.98 - 
m6.Tb + 

m9.35 + 

01b.83 - 
P18.50 - 
PPl.12 - 
221.11 + 

230.23 + 

2W.93 + 

239.16 - 
Zb1.96 - 
244.83 - 
251.02 + 

253.69 + 

2~6.88 + 

262.82 - 
265.b3 - 
210.00 

114.58 + 

111.19 + 

183.13 - 
RK.Y - 
P88.99 - 
895.18 + 

48.05 + 

300.85 + 

301.08 - 
309.18 - 
311.8b - 
318.89 + 

Y l . 5 1  + 

Y5.18 + 

330.66 - 
333.01 - 
339.03 + 

3L1.41 + 
3b5.05 + 

351.19 - 
3Sb.1b - 
356.89 - 



3.05 + 

5-75 + 

8.99 + 

15.66 - 
17.21 - 
23.09 + 

26.18 + 

28.95 + 

34.99 - 
3T.61 - 
41.12 - 
46.59 + 

49.m + 

55.11 - 
58.09 - 
60.91 - 
66.93 + 

69.58 + 
13.41 + 

18.51 - 
81.14 - 
81.12 + 

90.00 + 

90 SELECTED ORDIlATl8 ?OR 

sIl(l7e) 

92.89 + 

98-67 - 
101.50 - 
106.60 + 
110.53 + 

113.08 + 

119.10 - 
121.92 - 
12b.90 - 
130.81 + 

133.42 + 

138.89 - 
152.35 - 
145.02 - 
l5l.OT + 

W3.83 + 

156.92 + 

162.T5 - 
165.35 - 
1n.oa + 

174.26 + 

116.91 + 

183.05 - 
185.15 - 
188.99 - 
195.66 + 
191.27 + 

203.09 - 
206.18 - 
208.95 - 
215.99 + 

211.61 + 

221.12 + 

226.59 - 
229.20 - 
235.11 + 

238.09 + 
240.91 + 

256.93 - 
249.58 - 
251.51 - 
258.51 + 
261.1b + 
26'1.12 - 
210.00 - 

272.89 - 
278.81 + 

281.50 + 

286.60 - 
290.b3 - 
293.08 - 
299.10 + 

301.92 + 

30b.90 + 

310.81 - 
313.52 - 
318.89 + 

322.34 + 

325.02 + 

331.01 - 
333.83 - 
336.92 - 
352.14 + 

355.35 + 

351.02 - 
354.26 - 
356.91 - 

2.96 + 

5.65 + 

10.00 

15.36 - 
17.05 - 
22.96 + 

25.65 + 

30.00 

35-36 - 
37.05 - 
b2.96 + 

45.65 + 

50.00 

5 5 - 3 6  - 
51.05 - 
62.96 + 

65.65 + 

10.00 

15-36 - 
11.05 - 
82.96 + 

85.65 + 

90.00 

90 8lLZCTED ORDIYATII FOR 

sIr(l8e) 

95.36 - 
97.05 - 
102.96 + 

105.65 + 

110.00 

115.36 - 
111.05 - 
122.96 + 

125.65 + 
130.00 

13b.36 - 
131.05 - 
1b2.96 + 
155.65 + 
150.00 

15b.36 - 
15T-05 - 
162.96 + 

165.65 + 

110.00 

115.36 - 
lTT.05 - 

182.96 + 

185.65 + 

190.00 

195.36 - 
191.05 - 
202.96 + 

205.65 + 

210 .oo 
215.36 - 
21T.05 - 
222.96 + 
225.65 + 
230.00 

234.36 - 
931.05 - 
242.96 + 

245.65 + 

250.00 

254.36 - 
251.05 - 
262.96 + 
265.65 + 
910.00 

215.36 - 
211.05 - 
282.96 + 

285.65 + 

290 .OO 

D94.36 - 
291.05 - 
302.96 + 
95.65 + 

310 -00 

31b.36 - 
311.05 - 
32.96 + 
f95.65 + 
J30.00 

f34.% - 
331.05 - 
349.96 + 

345.65 + 
350.00 

35b.36 - 
351.05 - 



2.88 + 
5-56 + 

10.91 - 
lb.08 - 
11.01 - 
22.59 + 

25.P3 + 

300.96 - 
33.10 - 
38.55 + 
b2.23 + 
b5.02 + 
50.12 - 
53.35 - 
59.00 + 

61.85 + 

65.21 + 
10.38 - 
13.08 - 
18.83 + 

81.b9 + 

86.91 - 
90.00 - 

90 IILICTLD ORDIlATIE 1011 

EII( l9r)  

93.0b - 
98.52 + 

101.18 + 

106.93 - 
109.63 - 
11b.80 + 

118.16 + 

121.01 + 

126.66 - 
129.29 - 
135.99 + 

131.18 + 

1 b l . b l  + 

1b6.31 - 
1b9.05 - 
15b.18 + 

151.b2 + 

163.00 - 
165.93 - 
169.10 - 
115.55 + 

1'11.13 + 

182.88 - 
185.56 - 
190.91 + 

19b.08 + 

191.01 + 

202.59 - 
205.23 - 
210.96 + 

213.10 + 

218.5b - 
222.23 - 
225.02 - 
230.12 + 

233.35 + 

239.00 - 
252.85 - 
2b5.21 - 
250.38 + 

253.08 + 

258.83 - 
261.b9 - 
266.9'1 + 

270.00 + 

2'13.0b + 

218.52 - 
281.18 - 
286.93 + 

289.63 + 

295.80 - 
298.16 - 
301.01 - 
306.66 + 

309.29 + 

315.99 - 
31'1.18 - 
321.b7 - 
326.31 + 

329.05 + 

334.78 - 
337.52 - 
3b3.00 + 

3L5.93 + 

3b9.10 + 

354.55 - 
357.13 - 

2.82 + 

5.48 + 

10.95 - 
13-02 - 
18.00 

22.19 + 

25.06 + 

30.53 - 
33.19 - 
38.82 + 

b1.58 + 

56.95 - 
59-82 - 
55.00 

58. : ' I  + 

61.06 + 

66.53 - 
69.19 - 
'15.82 + 

'11.b8 + 

82.95 - 
85.82 - 
90.00 

90  lIWCIID O R D I l A T U  FOR 

l I l ( w r )  

95.19 + 

91.06 + 

102.53 - 
105.19 - 
110.82 + 

113.b8 + 

118.95 - 
121.82 - 
126.00 

lW.19 + 

133.06 + 

138.53 - 
lb1.19 - 
116.82 + 
1b9.b) + 

15b.95 - 
151.82 - 
162.00 

166.19 + 

169.06 + 

lTb.53 - 
111.19 - 
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1.28 + 

3.83 + 

6.38 + 

8.95 + 

11-55 + 

15.15 + 

16.b + 

19.58 + 

22.20 + 

25-90 + 

21.82 + 

30.15 + 

33.15 + 

36.81 + 

40.13 + 

43.55 + 

57.11 + 

51.06 + 

5 5 . a  + 

60.08 + 
65.66 + 

lr.86 + 
90 -00 

90 LIILCCTCD  ORDIlATCS ?OR 

cos(e) 

101.15 - 
115.35 - 
119.93 - 
124.10 - 
128.95 - 
132.85 - 
136.56 - 
139.88 - 
Ib3.lb - 
156.26 - 
159.21 - 
152.19 - 
155.03 - 
151.81 - 
S6O.53 - 
163.21 - 
165.86 - 
168.57 - 
111.06 - 
113.63 - 
116.18 - 
118.13 - 

181.28 - 
183.83 - 
186.38 - 
188.95 - 
191.54 - 
195.15 - 
196.80 - 
199.58 - 
202.20 - 
205.98 - 
207.82 - 
210.75 - 
213.15 - 
216.81 - 
220.13 - 
223.55 - 
221.17 - 
231.06 - 
235.31 - 
250.08 - 
255.66 - 
252.86 - 
210.00 

287.15 + 

291.35 + 

299.93 + 

304.70 + 

308.95 + 

312.85 + 

316.46 + 

319.88 + 

323.15 + 

326.26 + 

329.21 + 

332.19 + 

335.03 + 

331.81 + 

350.53 + 

3b3.21 + 

355.86 + 
348.41 + 

351.06 + 

353.63 + 

356.18 + 

358.13 + 

1.92 + 
5.58 + 
1.08 

9.14 + 

12.59 + 

15.37 + 

18.45 + 

21.78 + 

25.53 + 

30.05 + 
36.53 + 

53.58 - 
59.91 - 
65.48 - 
68.23 - 
71-51 - 
15.65 - 
17.52 - 
80.2’1 - 
82.93 - 
85.53 - 
88.09 - 
90.64 - 

90 BZLICTLD O R D I l A T I l  FOR 

cos(2e) 

93.19 - 
95.71 - 
98.50 - 
101.10 - 
103.91 - 
106.88 - 
110.01 - 
113.59 - 
117.66 - 
122.83 - 
135.00 

147.18 + 

152.35 + 

156.52 + 

159.95 + 

163.13 + 

166.10 + 
168.91 + 
111.61 + 

114.25 + 

116.82 + 
119.31 + 

181.92 + 

185.58 + 
181.08 + 

189.74 + 
192.59 + 

195.31 + 

198.54 + 

201.78 + 
205.53 + 

210.05 + 
216.53 + 
233.58 - 
239.91 - 
245.58 - 
258.23 - 
451.51 - 
255.64 - 
251.52 - 
260.21 - 
262.93 - 
065.53 - 
268.09 - 
070.64 - 

213.19 - 
215.11 - 
218.50 - 
281.10 - 
283.91 - 
286.88 - 
290.01 - 
293.59 - 
291.66 - 
302.83 - 
315.00 

3291.18 + 

332.35 + 

336.5s + 

339.95 + 

353.13 + 

356.10 + 

348.91 + 

351.61 + 

355.~4 + 

356.82 + 

359.31 + 



1.18 + 
3.85 + 

6.50 + 
9.18 + 

11.99 + 

15.13 + 

10.03 + 

m.00 

39.98 - 
bb.18 - 
b1.12 - 
50.13 - 
53.51 - 
56.16 - 
58.13 - 
61.28 - 
63.85 - 
66.50 - 
69.28 - 
12-19 - 
15.13 - 
800.03 - 
90.00 

90 B I L Z C I I D   O R D I I A T l l  POI 

COB( 3.1 

99b98 + 

104.28 + 

101.12 + 

110.13 + 

113.51 + 

116.16 + 

118.13 + 
121.98 + 

123.85 + 

126.50 + 
129.28 + 

132.29 + 

135.13 + 

lbO.03 + 

150.00 

159.98 - 
165.28 - 
161.12 - 
110.13 - 
113.51 - 
116.16 - 
118.13 - 

181.28 - 
183.85 - 
186.50 - 
189.28 - 
192.29 - 
195.13 - 
200.03 - 
210.00 

219.98 + 

zzb.28 + 

221.12 + 

230.13 + 

233.51 + 

236.16 + 

238.13 + 

2b1.28 + 

2b3.85 + 

256.50 + 

2b9.28 + 

252.29 + 

255.13 + 

260.03 + 

210.00 

219.98 - 
28b.28 - 
281.12 - 
290.13 - 
193.51 - 
296.16 - 
298.13 - 
301.28 - 
303.85 - 
306.50 - 
309.28 - 
312.29 - 
315.13 - 
320.03 - 
330.00 

339.98 + 

3Cb.28 + 

3b7.12 + 

350.13 + 

353.51 + 

356.16 + 

358.13 + 

0 . s  + 

1.89 + 

5.5s + 

8.U + 

11.80 + 

16.b~ + 
18.59 - 
33.21 - 
36.51 - 
39.b6 - 
b2.u - 
bb.69 - 
b1.2b - 
b9.81 - 
52.69 - 
55.89 - 
60.02 - 
11.19 

TT.2b + 

80.19 + 

83.16 + 

86.bT + 
89.05 + 

91.60 + 
9b.m + 

96.96 + 

1oo.ob + 
103.83 + 

112. 50 

111.18 - 
11b.91 - 
108.05 - 
130.81 - 
133.51 - 
135.96 - 
138.5b - 
ibi.25 - 
lbb.22 - 
lbl.11 - 
153.22 - 
16b.99 + 

169.12 + 

112.32 + 

lT5.lb + 

111.11 + 

1800.32 + 
181.89 + 
185.55 + 

188.bb + 
191.80 + 
196.51 + 
m8.w - 
113.11 - 
116.51 - 
119.56 - 
121.11 - 
21b.69 - 
2PT.Pb - 
219.81 - 
232.69 - 
235.89 - 
2bo.02 - 
251.19 + 

2S1.2b + 

260.19 + 

263.16 + 

166.b~ + 
169.05 + 

D I V I S I O N  FACPOR - 04 

r 
4 



1.28 + 

3.90 + 

6.15 + 

10.22 + 
18.00 

25.19 - 
29.26 - 
3R.11 - 
34.1) - 
31.28 + 

39.90 + 

bl.TS + 

46.22 + 
54.00 

61-19 - 
65.16 - 
68.11 - 
10.13 - 
13.28 + 

15.90 + 

18.15 

m.11 + 
90.00 

90  ILLLCTLD  ORDIIATLI FOR 

cor(5e) 

91.19 - 
101.26 - 
1ob.n - 
106.13 - 
109.M + 
111.90 + 

11b.15 + 

118.2s + 
1 2 6 a  

133.19 - 
131.26 - 
iLo.11 - 
lLp.13 - 
lbS.18 

lbT.90 + 

150.19 + 
155.2P + 

162.00 

1a.n - 
l T L l 6  - 
116.11 - 
118.13 - 

181.28 + 
183.90 + 

186.15 + 

190.22 + 

198.00 

205.19 - 
209.26 - 
212.11 - 
214.13 - 
211.28 + 
219.90 + 
222.15 + 

226.22 + 
235.00 

241.19 - 
2b5.26 - 
248.11 - 
250.13 - 
253.28 + 

255.90 + 

258.15 + 

262.22 + 

210.00 

211.19 - 
281.26 - 
284.11 - 
206.13 - 
289.28 + 

291.90 + 

294.75 + 

298.22 + 

306.00 

313.19 - 
311.26 - 
320.11 - 
322.13 - 
325.28 + 
321.90 + 

330.15 + 

33b.22 + 

342.00 

349.19 - 
353.26 - 
356.11 - 
358.13 - 

0.64 + 

3.25 + 

6.15 + 

10.02 + 
19.99 - 
23.86 - 
26.16 - 
29.31 - 
31.93 - 
34.64 - 
31-87 - 
4s.00 

52.14 + 

5 5 - 9 1  + 

58.08 + 

60.64 + 
63.25 + 

66.15 + 

10.02 + 

n.99 - 
83.K - 
86.16 - 
89.31 - 

90  ILLLCTLD  ORDIIATEI ?OR 

COI(60) 

91.93 - 
9b.64 - 
91.81 - 
105.00 

112.14 + 

115.31 + 

118.08 + 

120.65 + 
123.25 + 

126.15 + 

130.02 + 

139.99 - 
143.86 - 
156.16 - 
349.31 - 
151.93 - 
154.64 - 
151.81 - 
165.00 

lT2.1b + 

11s.31 + 

118.08 + 

180.64 + 
183.25 + 
186.15 + 

190.02 + 

199.99 - 
203.86 - 
206.16 - 
209.31 - 
D11.93 - 
21b.64 - 
211.81 - 
225.00 

PP.14 + 
P35.31 + 

238.08 + 
2b0.6b + 

lb3.25 + 
eb6.1~ + 

250,OP + 
259.99 - 
R63.86 - 
166.76 - 
169.11 - 

211.93 - 
21b.64 - 
211.81 - 
285.00 

29P.lb + 
295.31 + 

298.08 + 
100.6b + 
103.25 + 

106.15 + 
310.02 + 
Y9.99 - 
S3.K - 
Y6.16 - 
3R9.31 - 
331.93 - 
3sb.64 - 
331.81 - 
sb5.00 

3SR.lb 

3S5.31 + 
3S8.08 + 



96.65 + 
99.69 + 

1 O P . P  + 
105.88 + 
101.68 + 

111.55 + 
120.68 - 
125.19 - 
126.93 - 
lPg.59 - 
1Y.15  - 
135.31 - 
153.88 + 

158.56 + 

191.51 + 
154.11 + 
156.69 + 

159.56 + 

161.67 + 

172.Tl - 
116.03 - 
218.13 - 

181.28 - 
183.98 - 
18T.30 - 
196.34 + 

200.55 + 

203.32 + 

PW.90 + 
208.50 + 

211.bs + 

216.13 + 

22b.TO - 
221.81 - 
230.52 - 
233.08 - 
235.82 - 
239.33 - 
2b8.51 + 
252.33 + 

255.13 + 

251.69 + 

260.32 + 

263.31 + 
110.00 

216.65 - 
279.69 - 
288.W - 
285.88 - 
281.68 - 
291.55 - 
300.68 + 
305.19 + 

306.93 + 

309.59 + 

312.15 + 

315.31 + 

323.88 - 
328.56 - 
331.51 - 
335.11 - 
336.69 - 
339.56 - 
353.61 - 
352.T1 + 

356.03 + 

358.13 + 

0.80 + 

3.58 + 
6.9a + 

15.59 - 
19.03 - 
21.11 - 
25.21 - 
21.11 - 
31.61 - 
39.56 + 

52-51 + 

b5.16 + 

51.18 + 

50.90 + 

59.30 - 
63-29 - 
66.06 - 
68.62 - 
T1.35 - 
15.01 - 
83.62 + 

86.88 + 
89.53 + 

92.10 + 
95.02 + 

101.15 

101.59 - 
UO.51 - 
112.98 - 
115.63 - 
118.89 - 
121.50 + 

131.16 + 

131.89 + 
136.55 + 

139.22 + 

1b3.21 + 
151.61 - 
155.T3 - 
151.35 - 
159.95 - 
162.95 - 
110.90 + 

115.50 + 
i78.2b + 

160.80 + 
183.58 + 
186.92 + 
195.59 - 
199.03 - 
801.11 - 
I 0 b . W  - 
nT.11 - 
811.61 - 
819.56 + 
RPP.51 + 
~ 2 5 . 1 6  + 
PZT.T8 + 

P30.90 + 

239.Y) - 
253.29 - 
2b6.06 - 
258.62 - 
251.35 - 
255.01 - 
263.62 + 
266.88 + 
269.53 + 



1.29 + 

5.10 + 

10.00 

15.91 - 
18.12 - 
21.29 - 
25.10 - 
30.00 

3S.91 + 
38.12 + 
51-29 + 
55.10 + 
50.00 

55.91 - 
58.12 - 
61.29 - 
65.10 - 
10 .oo 
15.91 + 

18.12 + 
81.29 + 
84.10 + 
90.00 

90  SELECTED  ORDIIATEI 101 

COS(9.) 

95.91 - 
98.12 - 
101.29 - 
104.10 - 
110.00 

115.91 + 
118.12 + 
121.29 + 

114.10 + 
130.00 

135.91 - 
138.12 - 
151.29 t 

155.10 - 
150.00 

155.91 + 

15@.12 + 
161.29 + 

16h.10 + 
110.00 

115.91 - 
118.12 - 

181.29 - 
185.10 - 
190.00 

195.91 + 

198.12 + 

201.29 + 
205.10 + 

210.00 

215.91 - 
218.12 - 
221.29 - 
225.10 - 
230.00 

235.91 + 

238.12 + 

251.29 + 
255.10 + 
250.00 

255.91 - 
258.12 - 
261.29 - 
265.10 - 
210.00 

275.91 + 

218.12 + 

281.29 + 

28b.10 + 

290.00 

295.91 - 
298.12 - 
301.29 - 
305.10 - 
310.00 

315.91 + 

318.12 + 

321.29 + 

325.10 + 

330.00 

335.91 - 
338.12 - 
351.29 - 
354.10 - 
350.00 

355.91 + 

358.12 + 

1.95 + 

5.11 + 

12.90 - 
16.06 - 
18.65 - 
21.38 - 
27.00 

32.63 + 

35.31 + 

31.95 + 

41.11 + 

58.90 - 
52.06 - 
55.65 - 
51.38 - 
63.00 

68.63 + 

11.31 + 

13.95 + 

11.11 + 

85.90 - 
88.06 - 
90.65 - 

90 BELECTXD ORDIIATU 101 

COB(1OQ) 

93.38 - 
99.00 

10b.63 + 
101.31 + 

109.95 + 

113.11 + 

120.90 - 
125.06 - 
126.64 - 
129.38 - 
135.00 

150.63 + 

143.31 + 

115.95 + 

149-11 + 
156.90 - 
160.06 - 
162.64 - 
165.38 - 
171.00 

176.63 + 

119.31 + 

181.95 + 

185.11 + 
192.90 - 
196.06 - 
198.65 - 
201.38 - 
201.00 

212.63 + 

215.31 + 

211.95 + 

221.11 + 

228.90 - 
232.06 - 
235.65 - 
231.38 - 
253.00 

258.63 + 
251.31 + 

253.95 + 

251.11 + 

P65.90 - 
268.06 - 
210.65 - 

213.38 - 
219.00 

285.63 + 
281.31 + 

289.95 + 

293.11 + 

300.90 - 
305.06 - 
306.65 - 
309.38 - 
31S.00 

320.63 + 

323.31 + 
32S.95 + 

329~11 + 

336.90 - 
350.06 - 
352.64 - 
355 38 - 
351.00 

356.63 + 

359.31 + 



1.29 + 

4.29 + 
11.13 - 
14.84 - 
1T.bz - 
20.33 - 
27.10 + 
30.96 + 

33.55 + 

36.38 + 

53-63 - 
51.08 - 
49.68 - 
52-45 - 
59-59 + 

63.19 + 

65.81 + 
68.53 + 

15.20 - 
79.29 - 
61-94 - 
84.62 - 
90.00 

95.39 + 

98.01 + 

100.12 + 

Iob.81 + 
111.48 - 
114.20 - 
116.82 - 
120.52 - 
127.56 + 

130.33 + 

132.93 + 

136.38 + 

143.63 - 
146.U - 
1b9.05 - 
152.31 - 
159.68 + 

162.59 + 

165.11 + 

168.28 + 

115.12 - 
118.12 - 

181.29 - 
18b.29 - 
191.13 + 

19b.84 + 

191.42 + 
200.33 + 
201.10 - 
210.96 - 
213.55 - 
216.38 - 
223.63 + 

221.08 + 

229.68 + 

232.b5 + 

239.b9 - 
2b3.19 - 
2b5.81 - 
218.53 - 
255.20 + 

259.29 + 

261.91 + 

264.62 + 

210.00 

215.39 - 
218.01 - 
280.12 - 
28b.81 - 
291.58 + 

295.20 + 

296.82 + 

300.52 + 

301.56 - 
310.33 - 
312.93 - 
316.38 - 
323.63 + 

326.16 + 

329.05 + 

332.31 + 

339.68 - 
3b2.59 - 
3b5.17 - 
3b8.28 - 
355.72 + 

358.12 + 

0.91 + 

3.91 + 

11.01 - 
14.04 - 
16.63 - 
20.01 - 
26.93 + 

29.69 + 

32.32 + 

31.50 

52.69 - 
b5.32 - 
b8.08 - 
55.00 + 

58.38 + 
60.97 + 

63.95 + 

71.07 - 
7b.Ob - 
76.63 - 
80.01 - 
86.93 + 

89.69 + 

92.32 + 

91.50 

102.69 - 
105.32 - 
108.00 - 
115.00 + 

118.38 + 

120.91 + 

123.94 + 

131.01 - 
13b.04 - 
136.63 - 
150.01 - 
1b6.93 + 

1L9.69 + 

152.32 + 

151.50 

162.69 - 
165.32 - 
168.08 - 
115.00 + 

118.38 + 

180.91 + 
183.94 + 
191.01 - 
194.04 - 
196.63 - 
200.01 - 
206.93 + 
209.69 + 
212.32 

211.50 

222.69 - 
225.32 - 
218.08 - 
235.00 + 
238.38 + 

240.91 + 

243.94 + 

251.01 - 
i 54 .04  - 
256.63 - 
260.01 - 
266.93 + 
269.69 + 

111.31 + 

111.m 

181.69 - 
I 8 5 . Y  - 
188.08 - 
195.00 + 

Pg8.38 + 

300.9T + 

303.94 + 

311.01 - 
3Ib.Ob - 
316.63 - 
YO.01 - 
386.93 + 

~ 9 . 6 9  + 

3 3 2 , s  + 

331.50 

3bZ.69 - 
345.32 - 
348.08 - 
355.00 + 

318.10 + 



1.30 + 

5.63 + 

11.26 - 
13.95 - 
16.69 - 
23.45 + 

26.61 + 

29.20 + 

32-15 + 

39.18 - 
51.85 - 
55.63 - 
51.56 + 

55.50 + 

51.10 + 

60.99 + 

61.10 - 
69-13 - 
12.59 - 
19-55 + 

82.39 + 

85.00 + 

90.00 

90 8ELECTlD ORDIEATIR 1011 

COR(l30) 

95.01 - 
91.62 - 
100.56 - 
101.52 + 

110.21 + 
112.91 + 
119.02 - 
122.91 - 
125.51 - 
128.55 - 
135.38 + 

138.11 + 

150.83 + 

151.26 - 
150.81 - 
153.50 - 
156.51 - 
163.32 + 

166.06 + 

168.75 + 

115.38 - 
118.11 - 

181.30 - 
185.63 - 
191.26 + 

193.95 + 

196.69 + 

203.55 - 
206.61 - 
209.20 - 
212.75 - 
219.18 + 

221.85 + 

225.63 + 

231.h6 - 
235.50 - 
231.10 - 
250.99 - 
257.10 + 

259.13 + 

252.59 + 

259.55 - 
262.39 - 
265.00 - 
210.00 

215.01 + 

211.62 + 

280.56 + 

287.52 - 
290.28 - 
292.91 - 
299.02 + 

302.91 + 

305.51 + 

308.55 + 

315.38 - 
318.17 - 
320.83 - 
327.26 + 

330.81 + 

333.40 + 

336.57 + 

353.32 - 
356.06 - 
358.75 - 
355.38 + 

358.11 + 

0.28 + 

3.12 + 

9.15 - 
12.59 - 
15.27 - 
21.11 + 

2h.90 + 

21.50 + 

33.37 - 
31.19 - 
39.78 - 
53.2'7 - 
59.55 + 

52.07 + 

55.08 + 

61.66 - 
6h.38 - 
67.16 - 
73.18 + 

16.69 + 

79.35 + 

85.72 - 
89.00 - 

90 8ELECTED ORDIEATE11 Io1 

cos(i5e) 

91.59 - 
96.53 

101.28 + 

103.81 + 

101.15 + 

113.53 - 
116.18 - 
119.09 - 
125.'71 + 

128.59 + 

131.21 + 

131.19 - 
150.80 - 
153.52 - 
159.60 + 

153.09 + 

155.68 + 

159.50 + 

165.31 - 
161.91 - 
111.10 - 
171.60 + 

180.28 + 

183.12 + 
189.15 - 
192.59 - 
195.21 - 
201.11 + 

205.90 + 

20'7.50 + 

213.31 - 
211.19 - 
219.18 - 
223.21 - 
229.55 + 

232.01 + 

235.08 + 
251.66 - 
255.38 

251.1 

253.18 + 

256.69 + 

259.35 + 

265.12 - 
269.00 - 

211.59 - 
216.53 

281.28 + 
283.81 + 

281.15 + 

293.53 - 
296.18 - 
299.09 - 
305.11 + 

308.59 + 

311.21 + 

311.19 - 
sao.80 - 
323.52 - 
W9.60 + 

333.09 + 

335.68 + 

339.50 + 

355.31 - 
351.91 - 
351.10 - 
351.60 + 



1.w + 

6.00 

10.11 - 
13.90 - 
18.00 

91-11 + 

95.30 + 

m.00 

34.11 - 
31.30 - 
42.00 

46.11 + 

49.30 + 

5b.00 

58.11 - 
61.30 - 
66.00 

10.11 + 

13.30 + 

18.00 

82.11 - 
85.30 - 
90.00 

90 BILICTID  ORDIIATlII FOR 

COII(l50) 

9b.11 + 
91.30 + 

102.00 

106.11 - 
109.30 - 
115.00 

118.11 + 

121.30 + 
116.00 

130.13 - 
133.30 - 
138.00 

140.11 + 

lb5.30 + 

150.00 

15b.11 - 
151.30 - 
162.00 

166.11 + 

169.30 + 
114.00 

118.11 - 

181.30 - 
186.00 

190.11 + 

193.30 + 

198.00 

202.71 - 
205.30 - 
210.00 

21b.11 + 

211.30 + 

222.00 

226.11 - 
229.30 - 
23b.00 

238.11 + 

241.30 + 

946.00 

250.11 - 
253.30 - 
258.00 

262.11 + 

265.30 + 

210.00 

21b.71 - 
277.30 - 
282.00 

286.71 + 

289.30 + 

29b.00 

298.11 - 
301.30 - 
306.00 

310.71 + 

313.30 + 

318.00 

322.11 - 
325.30 - 
330.00 

33b.71 + 

331.30 + 

3b2.00 

3b6.11 - 
3b9.30 - 
35b.00 

358.11 + 

2.52 + 

8.75 - 
11.50 - 
1L.b5 - 
20.59 + 

23.23 + 

26.61 + 

32.31 - 
3b.98 - 
bo.L6 + 

bb.13 + 

b6.15 + 

52.80 - 
55.86 - 
58.56 - 
6b.19 + 

61.59 + 

70.46 + 

16.65 - 
19.32 - 
82.51 - 
88.b~ + 

91.06 + 

95.63 

100.21 - 
102.82 - 
108.16 + 

111.95 + 

115.62 + 

120.81 - 
123.68 - 
126.U - 
132.11 + 

135.51 + 

138.bl + 

lbb.52 - 
ib7.ib - 
150.81 - 
156.29 + 

158.90 + 

16b.66 - 
168.05 - 
110.68 - 
116.82 + 

119.11 + 

182.52 + 
188.15 - 
191.50 - 
194.b5 - 
200.59 + 

203.93 + 

206.61 + 
212.31 - 
21b.98 - 
220.b6 + 

22b.13 + 

226.15 + 

232.80 - 
235.86 - 
238.56 - 
24b.19 + 

261.59 + 

250. b6 + 

256.65 - 
259.Y - 
269.51 - 
268.bS + 
211.06 + 



1.31 + 

7.06  - 
10.22 - 
12.95 - 
19.01 + 

21.71 + 

25.01 + 

30.62 - 
13-21 - 
39.10 + 

52-13 + 

bb.92 + 

50.96 - 
53.62 - 
57.23 - 
62.55 + 

65.17 + 

71.12 - 
7b.05 - 
16.90 - 
82.90 + 

85.55 + 

90.00 

911.187 - 
97.11 - 

103.11 + 

105.96 + 

108.89 + 

114.OL - 
l lT.46 - 
122.78 + 

126.39 + 

129.05 + 

135.09 - 
137.88 - 
1bO.91 - 
1b6.77 + 

lb9.39 + 

15b.91 - 
158.30 - 
161.00 - 
16?.06 + 

169.19 + 

112.95 + 

178.70 - 

1l11.31 - 
1R7.06 + 

1?0.2.* + 

192.95 + 

199.01 - 
201.71 - 
205.01 - 
210.62 + 

213.2h + 
219.10 - 
222.13 - 
221.92 - 
230.96 + 
233.62 + 

237.23 + 

2b2.55 - 
2b5.17 - 
251.12 + 

25L.05 + 
256.90 + 

262.90 - 
265.5b - 
270.00 

7 - 0 5  + 

1-96 - 
10.69 - 
15.00 

19.315 + 

22.05 + 

27.96 - 
30.65 - 
35.00 

39.36 + 

42.05 + 

1T.96 - 
50.65 - 
55.00 

59.36 + 

62.05 + 

67.96 - 
70.65 - 
T5 -00 

79.36 + 

82.05 + 

67-96 - 
90.65 - 

90 SELECTED ORDIIIATLB ?OR 

c o e ( l 8 e )  

95.00 

99.36 + 

102.05 + 

107.96 - 
110.65 - 
115.00 

119.36 + 

122.05 + 

127.96 - 
130.65 - 
135.00 

139.36 + 

152.05 + 

151.96 - 
150.65 - 
155.00 

159.36 + 

162.05 + 

161.96 - 
170.65 - 
175.00 

179.36 + 

182.05 + 

187.96 - 
190.65 - 
195.00 

199.36 + 

202.05 + 

201.96 - 
210.65 - 
215.00 

219.36 + 

222.05 + 

227.96 - 
230.65 - 
235.00 

239.36 + 

2b2.05 + 

2b1.96 - 
250.65 - 
255.00 

259.36 + 

262.05 + 
261.96 - 
270.65 - 

275.00 

219.36 + 

282.05 + 

281.96 - 
290.65 - 
295.00 

299.36 + 

302.05 + 

307.96 - 
310.65 - 
315.00 

319.36 + 

322.05 + 

327.96 - 
330.65 - 
335.00 

339.36 + 

352.05 + 

3b7.96 - 
350.65 - 
355.00 

359.36 + 



1.32 + 

1.00 - 
9.81 - 
13.31 - 
18.35 + 

21.06 + 

26.81 - 
29.b5 - 
35.99 + 

31-97 + 

b1.06 + 

b6.b9 - 
b9.15 - 
5b.91 + 

51.59 + 

62.81 - 
66.12 - 
69.01 - 
1b.63 + 

11.26 + 

82.98 - 
85.1b - 
90.00 

95-21 + 

91.03 + 

102.15 - 
105.38 - 
111.00 + 

113.89 + 

111.15 + 
122.52 - 
125.10 - 
130.86 + 

133.52 + 

138.95 - 
lb2.Ob - 
1b5.02 - 
150.56 + 

153.20 + 

158.95 - 
161.66 - 
166.10 + 

110.20 + 

113.01 + 

118.69 - 

181.32 - 
187.00 + 

189.81 + 

193.31 + 

198.35 - 
201.06 - 
206.81 + 

209.b5 + 

21b.99 - 
217.91 - 
221.06 - 
226.b9 + 

229.15 + 

23b.91 - 
231.59 - 
2b2.81 + 

2b6.12 + 

2b9.01 + 

25h.63 - 
25’1.26 - 
262.98 + 

265.7b + 

270.00 

27b.21 - 
217.03 - 
282.75 + 

285.38 + 

291.00 - 
293.89 - 
291.1b - 
302.b2 + 

305.10 + 

310.86 - 
313.52 - 
318.95 + 

322.0b + 

325.02 + 

330.56 - 
333.20 - 
338.95 + 

3b1.66 + 

316.70 - 
350.20 - 
353.01 - 
358.69 + 

1.69 + 

1.32 - 
9.98 - 
15.b5 + 

18.32 + 

22.50 

26.69 - 
29.56 - 
35.03 + 

37.69 + 

b3.32 - 
b5.98 - 
51-55 + 

5b.32 + 

58.50 

62.69 - 
65.56 - 
11.03 + 

13.69 + 

79.32 - 
81.98 - 
87.115 + 

90.32 + 

9b.50 

98.69 - 
101.56 - 
101.03 + 

109.69 + 

115.32 - 
111.98 - 
123.b5 + 

126.32 + 

130.50 

135.69 - 
13’1.56 - 
lb3.03 + 

1b5.69 + 

151.32 - 
153.98 - 
159.b5 + 

162.32 + 

166.50 

110.69 - 
113.56 - 
119.03 + 

181.69 + 

181.32 - 
189.98 - 
195.b5 + 

198.32 + 
202.50 

206.69 - 
209.56 - 
215.03 + 
211.69 + 

223.32 - 
225.98 - 
231.b5 + 

23b.32 + 

238.50 

252.69 - 
2b5.56 - 
251.03 + 

253.69 + 

259.32 - 
261.98 - 
261.55 + 

210.32 + 

2Tb.50 

278.69 - 
281.56 - 
281.03 + 

989.69 + 

295.32 - 
291.98 - 
303.b~ + 

306.32 + 
310.50 

31b.69 - 
317.56 - 
323.03 + 

325.69 + 

331.32 - 
333.98 - 
339.b + 

3b2.32 + 

356.50 

350.69 - 
353.56 - 
359.03 + 
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1.33 + 

6.82 - 
9.SO - 

14-90 + 

11.10 + 

22.86 - 
PS.90 - 
30.00 

3b.11 + 
31-15 + 

bP.31 - 
bS.11 - 
so.s1 + 

S3.19 + 

58-68 - 
61.33 - 
66.02 + 

69.50 + 

lb.90 - 
11.10 - 
82.86 + 

85.90 + 

90.00 

9 b . U  - 
91.15 - 

102.31 + 

los . l l  + 

110.s1 - 
113.19 - 
118.68 + 

121.33 + 

126.82 - 
129.SO - 
13b.90 + 
131.10 + 

1bZ.86 - 
1bS.90 - 
lSO.00 

1sb.11 + 

1 S l . l S  + 

162.31 - 
16s.11 - 
1 l O . S l  + 

113.19 + 

118.68 - 

181.33 - 
186.82 + 
189.so + 

19b.90 - 
191.70 - 
202.86 + 
pPS.90 + 

e1o.00 

PIb.11 - 
211.1s - 
222.31 + 

22s.11 + 
230.s1 - 
233.19 - 
238.68 + 
2b1.33 + 

2b6.82 - 
259.50 - 
2Sb.90 + 

25'1.10 + 

262.86 - 
265.90 - 
210.00 

Llb.11 + 
mw.15 + 

e m . 3 1  - 
285.11 - 
990.51 + 

293.19 + 

998.68 - 
W1.33 - 
306.82 + 
#9.SO + 

31b.90 - 
311.10 - 
322.86 + 

YS.90  + 

330.00 

33b.11 - 
333.39 - 
352.31 + 

3bS.11 + 

3SO.Sl - 
3S3.19 - 
3 ~ 8 . 6 8  + 

26 NASA-Langley, 1969 - 19 


